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In general relativity where spacetime is curved, Eq. (5) is still taken as the denition of proper time  although it is
not in general the measurement of time for a clock that is xed in S0 at the event unless g
t0t0
= 1. If one takes Eq.












We shall assume that the form for ds
2
in Eq. (7) has already been diagonalized where the diagonal coordinates are
the spherical coordinates (c t; r; ; ) with the signature being (+; ; ; ).
It is our purpose in this letter to give a more appropriate denition of proper time in GR, show its consistency, and
argue that Eq. (5), and thereby Eq. (9) are not generally correct when spacetime is curved.



















































































is the square of the velocity of light as follows from Eqs. (10) and (11). One sees that v
c
is not invariant. Here dt is
the interval of coordinate time measured by a clock at the origin of the system S. Considering an event in S0 moving



















where dt0 is the interval of coordinate time between two neighboring events moving in S0 with velocity v0 as measured
by a clock at the origin of S0.
As we have already stated before, the physical meaning of proper time is that it is the time measured by a clock
at the position of the event which may be moving relative to S but at rest relative to S0. Thus putting v0 = 0 dt0


































which also has the special relativistic form and is the generalization of the at spacetime equation, Eq. (6), to curved
spacetime.
Next, let us consider,without loss of generality, a static spherically symmetric gravitational eld. The most general

























! 1 as r !1. Let us consider a freely falling system in this gravitational eld. Its trajectory is given

































Conning the motion of the system to the  = =2 plane, Eq.(18) for x
0














= h;  = (s); (21)















on the free fall trajectory. By rst dividing Eq. (7) by ds
2




















































The relation between d and dt on the free fall trajectory is obtained either by equating Eq. (22) to the square of










The constant  is determined by the condition v = v
0
at r = r
0






















































which is the correct special relativistic expression.
Equation (25) as it is is not very informative unless g
t0t0
is known in terms of g
tt


















must be known. For this purpose,
let us consider a system moving radially in a gravitational eld and assume, with d=dt = d=dt = 0, the following











d0 = d; d0 = d; (30)








can be constants or functions of t and r. Consider a clock at rest in S0 so that


























































































































from Eq. (23) with h = 0 in the resulting expression to

































































































where  is the constant of integration corresponding to  in Eq. (23). We are interested in the situation when the




















































which is the general expression for gravitational time dilation. This agrees with the presently accepted denition of
proper time, Eq. (5), whenever g
t0t0
can be set equal to one.
One drastic consequence of Eq. (15) is that proper time is not always invariant. It is invariant only when g
t0t0
= 1.
Therefore, contrary to the general belief in the literature  cannot always be used as an aÆne parameter in the



























The transformation to the rotating system is given by
dt0 = dt;
d0 = d  !dt;
dz0 = dz; dr0 = dr; (43)
where ! is the angular velocity of the system. Taking for convenience the origins of the two systems to coincide, the

































) and the proper time is not invariant in this case if the point or particle under consideration




is then constant and the proper time








dt quoted in the literature is not correct.
The source of this mistake is the erroneous denition of proper time in general relativity, namely Eq. (5). It is true








cdt, but d = dt. That this is so can also be seen from Eq. (16) or directly from the rst
of the transformation equations (43) which immediately gives d = dt.
In conclusion, the presently accepted denition of proper time in general relativity is not generally correct. We
have given a consistent denition of it which also makes it clear that it is not invariant unless g
t0t0
is constant.
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